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1.0 Abstract
Across the nation cities are currently seeking new methods of economic development that fit into
the sustainable development framework. This search is due in part to the recognition that
traditional methods of economic development have left many cities vulnerable to economic
downturn and environmental deterioration. The question is what types of economies can foster
sustainability in a city? This research explores the concept that localized and diverse economies
could be a potential driver of sustainability. The ability of localized and diverse economies to
increase economic autonomy and viability has been explored by many researchers but their
relationship with sustainability has not been empirically tested. The thesis will first discuss how

localized and diverse economies meet the goals of all three pillars of sustainability: social,
environmental and economic. The relationship between sustainability and localized and diverse
economies was tested in 47 cities in the U.S. The cities have all been ranked with a sustainability
score provided by Budd et al. (2008). An analysis of the sustainability score and the level of
economic localization and diversity in the cities was conducted to test their relationship.

iii

Defined Terms
Cultural Capital - the non-monetary value associated with culture and cultural assets that can
transmit knowledge over time and promote social and economic advancements (Daly, 1968).
Ecological Economics - a cross disciplinary concept linking ecology and economics, with the
goal of developing a better understanding to enact effective policies that account for natural
capital (Costanza, 1996).
Economic Growth - the measurement of economic progress which only includes quantitative
measures of Gross Domestic Product (GDP) and Gross National Product (GNP) (Daly, 1993)
Economic Development - qualitative economic improvements to quality of life built upon
knowledge, innovation and efficiency (Daly, 1993)
Economic Diversification - a dynamic process where the number of different types of industries
in an economy increases over time (Wagner, 2000).
Economic Localization - building the sector of an area's economy that includes establishments
that produce, source and exchange most products within the communities in which they reside
(Hess, 2008; Rupasingha, 2013).
Externalities - a type of market failure that occurs when an entity making a decision does not
endure all of the consequences of their action and the welfare of others are affected by their
activities (Tietenberg & Lewis, 2009).
Local Multiplier Effect - local establishments spending their earnings at other local
establishments, enhancing the impacts of the initial spending by an establishment, keeping funds
recirculating in the local economy (Hess, 2010).
Natural Capital - natural resources including physical renewable and non-renewable resources
and ecosystems services that sustain communities (Dasgupta, 201 0; Olewiler, 2006).
Neoclassical Economics -belief, developed out of Adam Smith's classical theory of economics,
that free markets provide efficient resource allocation and equilibrium among supply and demand
(Agboola, 2015).
Sustainable Development - a type of qualitative development that balances economic
development with the welfare of society and the health of the environment (Portney, 2013;
Hackler, 2013)
Sustainable Economics - alternative economic theory that works to incorporate social and
environmental components, based on qualitative advancements that move away from
environmental destruction (Daly, 1968; Dasgupta, 2010)
Urban Sprawl - a phenomenon that occurs when a city expands outside of its core boundaries,
consuming surrounding land at a rate that is faster than the population growth (Gurin, 2003).
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2.0 Introduction
2.1 Background
As early as 1972, the United Nations officially recognized the global dilemma of
economically struggling countries and deteriorating natural resources, but beyond noting
the challenges little resolution resulted. Underlying this lack of success was the
unwillingness of certain countries to put policies in place to limit harmful economic
growth practices, despite increasingly serious damage to all aspects of the environment.
This resulted in the creation of a stalemate still present a decade later at the 1984 creation
of the World Commission on Environment and Development (also known as the
Brundtland Commission), which laid claim to the new terminology of"sustainable
development."

Arguing eloquently in the Chairman's Foreword of the Committee's

report, Our Common Future, Gro Harlem Brundtland emphasized the importance of
understanding that the environment and development are not separate and competitive
entities:
The environment does not exist as a sphere separate from human actions,
ambitions, and needs, and attempts to defend it in isolation from human
concerns have given the very word "environment" a connotation of
naivety in some political circles. The word "development" has also been
narrowed by some into a very limited focus, along the lines of "what poor
nations should do to become richer", and thus again is automatically
dismissed by many in the international arena as being a concern of
specialists, of those involved in questions of "development assistance."
But the "environment" is where we all live; and "development" is what we
all do in attempting to improve our lot within that abode. The two are
inseparable (Brundtland, 1987, pg. 2).
With Brundtland thus determining that declining environmental health inhibits
future development, commission members identified a sustainable approach to
development as the only recourse to achieve economic growth without degrading the
natural environment. At its core, sustainability is the concept of meeting the needs of the
2

current generation without compromising the needs of future generations (Budd, Lovrich,
Pierce & Chamberlain, 2008). Following Hackler's assertion that sustainability and
sustainable development vary only slightly in connotation, both terms as used herein
share the definition put forth by Munasinghe and others: "An approach that will permit
continuing improvements in the quality of life with a lower intensity of resource use,
thereby leaving behind for future generations an undiminished or even enhanced stock of
natural resources and other assets" (Munasinghe et al., 1991, pg 102). This section will
discuss the integration of sustainability, as defined here, into the mainstream, along with
approaches that have been used to achieve sustainability.

2.2 The Adoption of Sustainability
It can certainly be argued that sustainability as a concept has been very successful
in its reach. Since the Brundtlant's Commission report, over 1,220 local governments
have declared their commitment to sustainability through the futemational Council for
Local Environmental fuitiatives (Zaccai, 2012). fucreasingly, businesses of all types
place sustainable practices at the forefront of their mission statements, acknowledging
that within sustainability every actor has responsibility. Sustainability appeals to the
profit driven, the ecologically concerned and the socially minded (Lele, 1991). In
addition, sustainability is "human- centric"; its goals are that of human kind and its
methods theorize the success of human kind in solving environmental and social
problems through the application of reason. While it is true that the definition of
sustainability can be elusive, it is this very ambiguity that allows a range of projections of
governments, businesses and industries to qualify as adhering to sustainable development
(Robinson, 2004).
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Just as timing plays a crucial role in so many other development projects in
society, it has also done so with sustainability. Sustainability arose within a growing
world of communication where information can easily be shared and received. Thus
networks, groups and organizations quickly formed around the concept of sustainability.
Additionally, sustainability grew with the recognition of the severity of biodiversity
declines, increasing climate change and resource scarcity (Zaccai, 2012).

2.3 Approaches to Achieving Sustainability
Standard approaches to sustainability involve technological and policy solutions.
A third comes from ecological economics; which calls for a new method of economic
decision-making that includes environmental costs and benefits. Each has its benefits
and disadvantages; no single approach is sufficient on its own. In this section different
approaches to achieving sustainability are explored in order to drive this study's thesis
that economic localization and diversity is a novel path to achieving sustainability.
Ta:::hnological &>lutionsspecific to sustainability must achieve less polluting
and resource intensive industrial production, while still maintaining profitability. Some
examples of sustainable technologies include lower emission vehicles, solar power,
hydrothermal power and wind power (Zaccai, 2012). While these technologies receive
relative success, they require significant investment, proper application and incentive for
use (Lorek & Spangenberg, 2014). The implementation of new technologies can be
expensive and may require specific parameters, which can cause it to be restricted to
niche markets (Zaccai, 2012). Even when sustainable technologies are available to
companies and individuals this does not guarantee they will be used properly or at all
(Lorek & Spangenberg, 2014). Technology has its place in reaching goals of
sustainability but it also has its limitations (Stedman & Hill, 1992).
4

Traditional command-and-control policies use direct and specific environmental
regulations that do not match the sustainability framework because these policies often
set uniform standards which inhibit a firm's flexibility in achieving goals (Stavins, 2003;
Lorek & Spangenberg, 2014; Tietenberg, 2003). fustead, market-based-tools have
become a more popular policy instrument, as they provide flexibility and incentives
promoting pollution abatement at the lowest cost. These market-based-environmental
policies fall into four categories: tradable permits; pollution charges; government subsidy
reductions and market friction reductions (Stavins, 2003).
A tradable permit system works by setting an overall allowable level of pollution
or natural resource extraction and allocating each party a portion of that amount in the
form of a permit. Establishments with emission levels or natural resource extraction
levels below their allotted amount can sell their surplus permits or utilize them to offset
excess emissions produced from other parts of their operation (Stavins, 2003; Tietenberg,
2003). Tradable permit systems have been predominately used for air pollution control,
water supply and fisheries management (Tietenberg, 2003). The success oftradable
permit programs greatly varies across resources and locations.
Two of the most notably successful examples are the phase-out of leaded gasoline
and the reduction of sulfur dioxide emissions at a relatively low cost (Stavins, 2003;
Tietenberg, 2003). In an effort to reduce lead in gasoline the EPA formalized interrefinery trading of lead credits, resulting in the eventual phase-down of leaded gasoline .
The lead reduction program met its environmental targets at a cost approximately twenty
percent less than that of traditional programs. The sulfur dioxide allowance trading
program was established under the Clean Air Act Amendments of 1990 with a goal to
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reduce emissions by 10 million tons. Although the program had little trade participation
in its early years a robust market eventually emerged, leading to over one billion dollars
in annual cost savings and positive welfare effects estimated at six times greater than the
costs (Stavins, 2003).
It is necessary to note, however, that the lead and sulfur dioxide programs
involved point-source emissions, pollutants coming from a discrete and identifiable point
of origin or source, thus easily monitored and controlled (Hennessy & Feng, 2008). That
success is not shared when addressing non-point source pollution, such as greenhouse gas
emissions (Tietenberg, 2003). In the case of non-point source pollution, the point of
origin is generally unknown, making it cost intensive and challenging to track fluctuating
emissions levels. For this reason, tradable permit programs focus on point sources,
limiting the ability to control overall emissions, while non-point sources remain
significant pollution contributors, especially true in the case of waterways (Hennessy &
Feng, 2008). Even so, the success of tradable permits for point sources can vary,
depending on certain factors. For instance, if abatements costs are basically the same
across firms, there is no advantage to trading credits because there will be a lack of
surplus permits. Successful programs also depend on proper enforcement and wellcrafted financial penalties for non-compliance. Financial penalties need to incentivize
abatement through the trading of permits but not be unrealistically high (Tietenberg,
2003). Tradable permits can also lead to pollution "hot spots," wherein a heavy
concentration of industries with emission permits leads to pollution and pollution mixing
in that specific area (Stavins, 2003).
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Pollution charge systems encourage firms to reduce emissionsby charging a fee or
tax for the amount of pollution they generate. Examples of successfultax or charge systems
in the United States include "pay-as-you-throw"policies for solid waste and the "bottle bill"
which charges the consumer a small fee upfront, refundable upon proper recycling of the
material. Other pollution charges come in the form of direct sales taxes, such as those
charged on motor fuels and ozone depleting chemicals. In either case the pollution charges
can encourage decision making on pollution emissions but they have many challenges. One
major challenge is determiningan appropriatetax rate. It is often unknown how a firm will
respond to taxation, since some firms can adjust accordingly while others may collapse
(Stavins, 2003). If the tax is not high enough, financiallywell- off firms will often opt to pay
the tax rather than change behavior. Additionally, taxing is a very heated political issue
which relies heavily on a strong economy (De Graaf, Musters, & Ter Keurs, 1996). In the
case that an appropriatetax rate can be determined, it is often very costly for regulated firms
and can cause "hot spots" for pollution, as do tradable permits (Stavins,2003).
Government subsidies,much like taxing, aim to incentivizepositive environmental
behaviors. In the case of governmentsubsidies, money is provided to a firm if they act in
accordance with a specific desired behavior, as opposed to their being charged for not
complying. Government subsidiesare more politically accepted than taxing and, when used
appropriately,can provide a substantialincentive. An example of this would be the tax
subsidiesprovided to individualsfor the installationof solar photovoltaicpanels, which has
been one of the main instrumentsfor the development of solar energy. These subsidies are
dependent upon funding availabilitythough and can include very specificrequirements in
order to be received(Timilsina et al., 2012).
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However, other government subsidies can indirectly result in environmental
damages, as a result of unintended market consequences that make less environmentally
sound practices more viable. An example of this is the federal subsidies that are given to
promote the use of fossil fuels. In large part these subsidies were initially provided
during oil crises to boost domestic energy production. Today they are a major
contributor to the over-use of fossil fuels and, ultimately, the harmful effects of climate
change (Stavins, 2003).
Market friction reductions aim to improve the functioning of markets through
non-financial means such as information transparency or growing market demands. One
example of a market friction reduction policy is the creation of markets for inputs or
outputs associated with environmental quality, such as the voluntary exchange of water
rights. The Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) is an example of a liability rule, another type of market friction reduction.
Much like other market based tools, market friction reductions are only appropriate in
certain cases under specific conditions. Liability rules, for example, are appropriate only
for acute hazards because of the transaction costs associated with them (Stavins, 2003).
Two information programs that exist under market friction reductions are a)
product labeling requirements and b) reporting requirements. Product labeling benefits
the consumer, providing information to facilitate his or her correct purchasing decisions .
On the other hand, reporting requirements put responsibility on the firms to ensure the
correct information is available to the public. Informational programs under market
friction reduction policies are a great concept in theory, but their actual impact is
unknown and product labeling can be unreliable and misleading (Stavins, 2003, Delmas
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& Burbano, 2011). The consumer market for "green" products has grown substantially

and with that so has green advertising, or in many cases "green washing", the false
advertising of products as being friendly to the environment. According to one study
conducted by TerraChoice in 2009, over ninety-five percent of green product labeling is
misleading to varying degrees. A prime example concerns the use of fabricated energy
usage measurements on certain LG Electronics Energy Star®-certified refrigerators.
Although Energy Star® is a well-established, government-backed third party product
certification program, the fact that manufacturers may conduct their own evaluations
raises the risk of misleading reports. Furthermore, regulation of greenwashing is very
limited; laws exist only under product advertising guidelines within the Federal Trade
Commission Act, of which enforcement is uncertain (Delmas & Burbano, 2011).
Market-based policies have been a progressive political step towards
sustainability, but many of the approaches remain significantly flawed. Policies have not
been as effective as hoped due to challenging economic conditions, over reaching
corporate powers and consumption patterns (De Graaf, Musters, & Ter Keurs, 1996;
Zaccai, 2012; G6mez-Baggethun & Muradian, 2015). Successful policy of any sort still
depends on the passing of legislation, some form of enforcement and the convincing of
policy makers and citizens of its absolute necessity (De Graaf, Musters, & Ter Keurs,
1996; G6mez-Baggethun & Muradian, 2015). While policies are one hopeful approach,
government alone cannot accomplish sustainability (Robinson, 2004; G6mez-Baggethun
& Muradian, 2015).

9

Because of fixation on market growth, it is logical that sustainability calls for

economic reform. This is the principal behind ecological economics, which proposes to
incorporate the value of environmental resources and the negative environmental impacts
into the price of a commodity in order to get an accurate depiction of the goods cost and
discourage environmentally costly practices (Costanza, 1996; Costanza et al., 2014). The
dilemma lies in the fact that environmental assets and damages are not given a price by
the market, therefore have no "real" value (De Graaf, Musters, & Ter Keurs, 1996).
Ecological economists seek to apply value to environmental resources through different
systematic calculations that include the costs of the services provided by an
environmental resource (Costanza, 1996; Costanza et al., 2014). Unfortunately, none of
these assessments is recognized or applied in everyday economics, so pollution and waste
materials continue to go on as "free" (De Graaf, Musters, & Ter Keurs, 1996). There is
also hesitancy toward pricing of natural resources in that if the natural environment is
seen as a commodity it is at risk of becoming completely exploited (Daily & Ellison,
2002). In that event, to apply restoration costs to the use of an environmental asset is
worthless ifrecovery of that resource is impossible (De Graaf, Musters, & Ter Keurs, 1996).
Even with all of the rhetoric surrounding sustainability it is clear that there is still
greater potential for achieving sustainability than is being met (Lorek & Spangenberg,
2014; Robinson, 2004). Current policy, including technological and economic
approaches, has provided a blueprint towards sustainability but falls short of addressing
issues of poverty and economic injustice (Lorek & Spangenberg, 2014). Mere focus on
the environmental impacts of economic activity without a corresponding increase in
quality oflife cannot be called "sustainability" (Robinson, 2004). Sustainability must
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address income disparities, the conservation of natural resources and environmental
services, with the goal of advancing society as a whole (Stedman & Hill, 1992).
Need for economic change rose within U.S. cities emerging from the Great
Recession of 2008, in need of new approaches to economic development (Hackler, 2013).
Cities in the U.S. were already suffering from a drainage of resources caused by urban
sprawl, a phenomenon which occurs when a city expands outside ofits core boundaries,
consuming surrounding land at a rate that is faster than the population growth. Urban
sprawl began as a result of the increased use of the automobile and the subsidization of
highways, as individuals were looking to escape inner-city living "suburbia" became the
new alternative. This expansion moves social and economic capital from inside the city
to the outer edges, abandoning urban communities and allowing crime and blight to move
into city neighborhoods (Gurin, 2003). Challenges of the modem global economy
brought about economic and environmental hardships that continued to burden many
cities. Challenges arise from industrial plant and manufacturing shutdowns, an increase
in the inequalities of the distribution of wealth and a changing natural environment
{Leigh & Blakely, 2010). Models of local economic development that may have once
appeared to be successful are no longer appropriate. Traditional models had a goal to
attract, retain and expand businesses with a focus on attracting and expanding large
industries, which invariably displaced the local economy that once existed, making the
area dependent on that industry. Traditional economic development approaches accepted
a trade-off of environmental quality for economic growth, something that is antithetical
to the sustainable development framework. Evidence of sustainable development has
proven that this trade-off is not necessary (Portney, 2013). Cities such as Seattle and San
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Francisco have adopted sustainable development practices successfully and experienced
advancements in personal income, even though advancements may not be equally
distributed. In response to an outdated "business as usual model" sustainable
development has become the new model (Portney, 2013).

2.4 Problem Statement
Cities are growing at an alarming rate and this increased growth may have serious
impacts on a city's surrounding environments. In the last two decades, unprecedented
population growth has taken place in the world's cities. Over the course of the twentieth
century, the number of cities that had over one million people living in them went from
16 to 400 (Cohen, 2006; Nations, 2014). Currently over eighty percent of the U.S.
population resides in urban areas and population growth in urban areas is projected to
continue through 2044 (U.S. Census Bureau, 2015). Energy from non-renewable
resources and construction materials comprised of glass, plastics cement, wood, iron and
steel are used to fuel growing cities (Engel-Yan, Cuddihy & Kennedy, 2007).
Consequently, increased growth of cities makes their sustainable management
challenging and complex and, if they are not managed sustainably, cities will lose the
attributes that made them attractive in the first place, resulting in economic downturns.
Cities may have excellent infrastructure and resources, but this is not enough to make a
city sustainable. City officials require direction and understanding of how to generate
economies that promote sustainability.
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2 .5 Need for Research
City officials are looking for driving forces and types of local economic
development that will balance the interest of the environment and economy to meet the
criteria of sustainable development (Portney, 2013). Fleming and Goetz (2011), Kolko
and Neu.mark (2010) and Rupasingha (2013) have demonstrated that localized and
diverse economies promote economic growth and stability. Tolbert, Lyson & Irwin
(1998) and Tolbert et al. (2002) discuss how localized and diverse economies positively
influence a city. Curtis (2003), Hess (2009) and Hackler (2013) proclaim that localized
economies are potential drivers of sustainability. However, no one has tested the
relationship between sustainability and localized and diverse economies. In order to
determine if localizing and diversifying an economy is a worthwhile approach to
sustainability, the research presented herein will further explore this relationship through
an examination of specific cities in the United States.

2 ..6 Objective
The research objective is to identify the empirical relationship between localized
and diverse economies and sustainability, something that has not yet been tested. This
was accomplished through (1) identifying the level of localization and diversity present in
47 economies of cities spanning all regions in the U.S., and (2) testing the relationship
between that data and the sustainability score provided for those cities. This required that
a localization index be developed based on a specific criteria used by this research.

13

2 .7 Research Question s
The research seeks to answer these questions: What is the relationship between
successful sustainability measures and levels of localization and diversity in economic
activities? Is diversity or localization in economic activities a greater driver of
sustainability? Is a combination of diversity and localization the strongest driver of
sustainability?

2. 8 Localizing and Diversifying an Economy
Localizing and diversifying an economy offers a possible means to sustainability
as outlined above (Curtis, 2003; Hess, 2009). Localizing an economy is the building of
the local sector of an economy, which includes establishments that produce, source and
exchange most products within the communities in which they reside (Rupasingha, 2013;
Hackler, 2013). Strengthening the local sector of an economy increases the area's
autonomy and maintains its capital stock (Tolbert, Lyson, Irwin & Nucci, 2002).
Localism has the potential to address political, social and environmental issues involved
in sustainability by building community resilience, reducing transportations costs and
conserving money locally (Curtis, 2003).

Diversifying an economy is the process of bringing in new or varied industries
and business to the economic base, avoiding dependence on a single industry
(Rupasingha, 2013). The influence of diversity, or lack thereof, in an economy is
suggested by the following three examples; Perry, FL, Detroit, Ml, and Buffalo, NY. The
common theme among them is the heavy reliance upon a respective industry. The
outcome in these areas, from varying types of economic development instituted, is what
sets them apart from one another.

14

Pa-ry, Florida
Perry, Florida's heavy reliance on the timber industry for its economic base dates
back to 1914 when the area was home to the world's largest cypress sawmill. Because of
a severe decline in the area's timber industry between 1930 and World War Two,
legislation was passed in 1947 that designated the Fenholloway River an "an industrial
waterway" without restrictions on pollutants in order to attract large industry (Tao, 2002).
The river's designation attracted the Buckeye Cellulose Company, a subsidiary of Proctor
and Gamble. In 1954 Buckeye Cellulose constructed a pulp mill which provided 1,000
jobs for local residents, comprising about eighty percent of the county's overall economic
base (Tao, 2002). Almost immediately, it became clear that the community, made
vulnerable due to their economic dependence, traded a small increase in prosperity for
major environmental deterioration. The Fenholloway River that was once used for
fishing and recreation became a toxic dump. Groundwater laced with dioxin and other
toxins leaked by the mill infiltrated wells, while springs dried up and businesses folded.
To this day the introduction of the pulp mill, which now only employs 850 workers,
continues to affect Perry, leaving the town struggling for ways to mitigate environmental
destruction (ReferenceUSA, 2017; Tao, 2002). Perry's economic dependence on one
single industry, made the community vulnerable to accepting environmental harm caused
by the industry.

Dardt , Michigan
There is no other example that better illustrates the economic risk of depending on
one major industry than that of Detroit, Michigan. Detroit's economy was dominated by
the automobile industry from 1927 to the late 1950's, thus the city was especially
vulnerable to serious economic declines after the severe cutbacks of the automobile
15

industry and the emergence of foreign car manufacturing and automation (Di Gaetano &
Lawless, 1999). By 1982 the number of jobs available in Detroit's automobile industry
was half the number in 1963 (Boyle, 2001). In the early 1980's funds offered by the
Mayor's administration, in the amount of $200 million in public subsidies, went into the
building of a new General Motors state of the art assembly plant. In addition to the
subsidies for the General Motors plant, another $264 million in subsidies were given to
Chrysler in 1989 for a new assembly plant. Despite the development of the two new
assembly plants, the manufacturing workforce in Detroit declined by thirty percent from
1980 to 1990 (DiGaetano & Lawless, 1999). In 1987 local business leaders proposed the
Detroit Strategic Plan, which included approaches to tackle the City's social and
economic problems, along with designated task forces on topics such as jobs, economic
development, crime and education. However, the plans to revitalize Detroit never came
to fruition, due to political battles and limited funds (DiGaetano & Lawless, 1999; Boyle,
2001 ). A troubled automobile industry and political unrest continue to burden the
economy of Detroit. According to Boyle (2001), out of the 77 largest cities in the U.S.,
Detroit has the highest number of residents living below the poverty level.

Buffalo,NaNYcrk
The economic base for Buffalo, New York consisted of the manufacturing of
steel, automobiles, fabricated metal products, and industrial machinery. When employers
in these industries began to move production abroad, it resulted in a significant loss of
GDP in the manufacturing sector for Buffalo (Cowell, 2013; Pendall, Drennan &
Christopherson, 2004). However, in the 1990's Buffalo began to make efforts to
diversify the economy (Cowell, 2013). Buffalo has been able to make sizeable strides
overall by focusing economic development around other assets, such as the number of
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college institutions existing in the region, along with a growing agriculture, cultural
tourism and healthcare sector of the economy (Cowell, 2013 ; Pendall, Drennan &
Christopherson, 2004) . A long-serving county official in Buffalo stated that "rather than
trying to attract or retain old industries-the

ones that we have long been known for-it's

more about healthcare, education and building upon some of our other strengths"
(Cowell, 2013, pg. 216). The State of New York continues to support regional economic
development through state implemented Regional Economic Development Councils that
offer grants for revitalization plans and economic development efforts which focus on
enhancing potential of the already existing firms and worker rather than recruiting outside
corporations (Liu, 2016). As consolidated in Table 1, the experiences of Perry, Detroit
and Buffalo clearly illuminate the advantage of a diverse and localized economy in
preventing or ameliorating economic stagnation.
Table 1- Economic Transitions
Perry

Detroit

Buffalo,NY

Initial Economy

Single industry
dominated

Single industry
dominated

Industry dominated

Cause of
Economic Decline

Deindustrialization

Deindustrialization

Deindustrialization

Economic
Development
Type

Bring in dominant
outside finn
(Traditional)

Bring in dominant
outside finn
(Traditional)

Develop around
existing
establishments
(Sustainable)

Outcome

Environmental
decay, stagnant
economy, poor
health conditions

Economic
breakdown , high
crime,

Progressing
economy , economic
diversification ,
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2. 9 Cities as Leaders of Sustainability
This research will focus on cities, in an attempt to investigate potential
drivers of sustainability. As the economic engines of a country, cities are where most of
the economic activity takes place that supports the area and its local surroundings
(Goodstein, 1999). Economic opportunity in a city brings forth an innovative and
productive workforce, and developing a local culture through emphasizing a city's
distinct geographic featuresregional cuisine -

such as historical buildings, unique landscapes and

can in turn, create a local pride encouraging residents to identify with

their city (Karlenzig & Marquardt, 2007). The density of cities can allow for efficient
public transportation infrastructure, which reduces the number of private vehicles on the
road, thus reducing carbon emissions. As density doubles, the share of the population
that drives a car to work can drop by 6.6 percent (Glaeser, 2011). In contrast to rural
citizens more separated by space from neighbors, utilities and industry, the concentrated
population of city dwellers is much more likely to lead to an increased awareness of their
resources, and an increased engagement with city government (Glaeser, 2011).
On the other hand, concentrated populations consume a vast amount of food and
water, fossil fuels and construction materials, while depositing high amounts of waste
into a condensed area. Increased demands of a growing population can cause a drop in
water levels that significantly harms the aquifer along with the biota living in the surface
water. Only a small percent of rainwater recharges the water supply as it rushes over
impervious surfaces, such as highways and rooftops, washing contamination into water
bodies. Most of the water that cities consume is then released laden with nutrients like
phosphorous and nitrogen, resulting in eutrophication of water bodies and a disruption in
natural nutrient cycling. Carbon emissions by vehicles and industry impair air quality
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affecting health of both the population and also the climate (Engel-Yan, Cuddihy &
Kennedy, 2007). Unchecked urban sprawl broadens a city's environmental footprint by
commandeering large tracts of land, while increasing the distances which suburbanites
travel to work, shopping and entertainment and, subsequently, increasing the greenhouse
gases emitted by vehicles. Additionally, urban sprawl necessitates gross inefficiency
because communities are forced to pump water and waste over long distances (Gurin, 2003).

Table 2- Cities as Sites for Sustainability

- Intensive Resource Consumption

- Productive Economy
[fil Innovative Workforce
[ill Capital Resources
- Ability for Resource Sharing

I - Concentrated

- Increased Mobility
[ill Mass Transit

[ - Non-permeable surfaces
illJIn.creased Runoff

- Close Proximity to Local Government

__

__L

Waste Outputs

- Concentration of Emission
[ill Impaired Air Quality

Because cities consume vast amounts of the world's resources and generate a
large portion of the world's waste, it follows that implementing sustainable development
practices in cities provides the potential to make the greatest reductions in resource use
and consumption. In addition, many cities in the U.S. have financial resources and
infrastructure to promote and develop efficient transportation systems (Rees &
Wackemagel, 1996). Because of these and other cultural, economic and political
advantages, Karlenzig and Marquardt (2007) contend that "cities are the ideal
geopolitical medium for sustainability related improvements."
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3.0 Hypothesis
Localized and diverse economies share many characteristics that foster
sustainability, as defined in section 3 .2, therefore, the hypothesis for this research is that
cities having higher levels of localization and diversification in their economies will also
have higher measures of sustainability. This hypothesis is represented by the following
equation:
S=f(L,D)

where S, the dependent variable, represents a measure of sustainability; L, an independent
variable, represents a measure of the percentage of localized economic sector; andD, an
independent variable, represents a measure of the economic diversity.

4.0 Literature Review
4. I Introduction
In the U.S., neoclassical economics is the dominant school of thought among
economic institutions and neoclassical principles govern our current economic systems.
Neoclassical economics evolved during the 19th century from the classical theory of
economics as outlined by Adam Smith in his (1776) Wealth of Nations. Classical and
neoclassical economics are both based on the belief that free markets provide efficient
resource allocation and equilibrium between supply and demand. This is believed to be
accomplished through market forces steered by the desire of market participants, or what
is known as the "invisible hand," a term introduced by Smith (Agboola, 2015).
Neoclassical economics uses the consumer's maximization of utility and the producer's
profit maximization to justify the valuation of goods and services (Agboola, 2015).
Neoclassical economists initiated the application of formal mathematical analyses in
economics, which led to new economic measures and assessments (Agboola, 2015) .
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One of the mathematical evaluations created by neoclassical economists is cost-benefit
analysis. This analysis applies economic measures to a decision making process in order
to weigh the costs and benefits. If something cannot be assigned a market value it is not
included in this analysis. Under the neoclassical :framework, economic choices are made
based on whether or not the benefits of an option will outweigh its costs (Dasgupta, 2010).
Neoclassical economics is not concerned with the equal distribution of resources
or account for natural assets, which has led to its critique. Economic evaluations and
ideologies under the neoclassical theory are narrow in focus and provide incomplete
views of the state of the economy (Costanza, 1996; Daly, 1993). Economic performance
is traditionally measured by Gross National Product (GNP) or Gross Domestic Product
(GDP), which only indicate a level of economic growth (Daly, 1968; Dasgupta, 201 O;
Gray, 2007). Decision making processes used by neoclassical economists, such as the
cost-benefit analysis, do not include the cost of natural capital and its physical limitations
(Cato, 2011; Dasgupta, 2010). Failure to account for natural capital in economics causes
misperceptions of how the economy functions (Costanza, 1996; Daly, 1993). Achieving
economies of scale, in which large scale production creates low average costs, is viewed
favorably under the neoclassical framework. This would not be the case if the
environmental destruction included in these types of production practices were actually
reflected in the cost. These costs are instead borne by society in the form of negative
externalities, such as nutrient overloading from industrial farming that leads to a
reduction in water quality that people drink, swim and fish from (Daly, 1968). Free
market principles, under neoclassical economics, claim that outside regulation is harmful
to the system. The market players, including consumers, are supposed to self-regulate the
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system. Unfortunately, the profit driven system has led to an unequal balance in power
and many consumers do not actually have an effective voice in their purchasing choices.
The issues raised by traditional economics have grave social and environmental
consequences. Alternative economic theories, such as sustainable economics, work to
incorporate social and environmental components into economics. Sustainable
economics concentrates on economic development rather than economic growth (Daly,
1968; Dasgupta, 2010). Economic development focuses on qualitative improvements, as
opposed to economic growth which is centrally quantitative (Daly, 1993). Economic
development is a continuously occurring process that takes place in first world countries
that are already considered "developed".

Economic development in the advanced

industrialized and post-industrial countries measures economic prosperity through
improvements in quality of life and does not limit its focus solely on growth of GDP.
Changes that occur through economic development can generate opportunities to prevent
the economy from becoming stagnant. Sustainable economics accounts for the value of
natural capital; natural resources and services and social capital; and institutions that help
develop and maintain a productive society (Dasgupta, 2010). Natural capital and social
capital are not included in traditional economics because their value cannot be measured
by markets. Sustainable economists attempt to quantify the qualitative assets of natural
and social capital to ensure they are not excluded from the economic equation
(Tietenberg & Lewis, 2011).
Olewiler (2006) proposes accounting for natural capital through natural capital
indicators. Based on the foundation that natural capital plays a vital role in sustaining
communities, natural capital indicators are evaluated by using a series of components to
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determine the condition of "goods and services" provided by the local environment.
Components used to determine natural capital indicators include driving forces that
decrease natural capital, pressures or specific impacts from the driving forces and the
quantified result of those pressures on natural capital, along with social and economic
responses to those results. The goal of creating these natural capital indicators is to have
them included with social, economic and political indicators to provide a more
comprehensive measure for sustainability achievements (Olewiler, 2006).
While this method has not been adopted by the mainstream, the World Bank has
made improvements to expand the measure of the wealth of nations to include additional
data for natural capital. Concluding better development policies can be introduced if a
more thorough picture of a countries asset base is determined; the World Bank has
included natural resources categories such as: agricultural land, protected areas, subsoil
assets and timber and non-timber resources in their measure of a nation's wealth. The
world banks recognition of the value of "living resources" and sound management of
natural resources is a sign of progress towards a foundation for more sustainable
approaches to economics (Hamilton & World, 2006).
Sustainable economics seeks development paths that move in a direction away
from ecological destruction by investing in natural and human capital to keep ecological
life supported and socioeconomic systems resilient to change (Costanza, 1996). In order
to do this, economic systems and structures that meet the goals of sustainable economic
must be put in place. The following literature review will examine how localized and
diverse economies meet the criteria for sustainable economics and development.
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4.2 I ntroouctia, to Lcx:al
izatia,
In response to the negative impacts of the current economic system, there has
been a growing social movement that promotes the rise of locally owned, independent
businesses and other organizations that primarily serve the communities in which they
reside. These movements offer a progressive way of bringing about social change by
challenging mainstream views of economic organization (Hess, 2008; Lake, 2002). The
term local refers to a metropolitan or rural area in which the inhabitants buy and sell from
each other and share the same employment base and other economic relationships (Hess,
2008). Typically, local movements, regardless of scope or geographical area, have
organizational structure. Organizations such as the Business Alliance for Local Living
Economies (BALLE) are dedicated to the local movement here in the U.S. (Hess, 2008).
Within the local movement, there are many different focuses of importance. Some of the
local movements center around social ideologies, some around environmental issues and
some on economic equality. The local movement also occurs within many
socioeconomic levels, including the independent working class of small mom-and-pop
shops managing to survive in economies dominated by chains to larger enterprises,
individuals participating in community shared agriculture (CSA's), financially
established privately held larger local chains and those purchasing niche local artisan
products. These movements also present themselves through different methods; some
may come in the form of protests and others through product creation (Hess, 2008). The
focus of many of the current local movements is on local ordinances that restrict big box
chain stores and local economic development plans (Hess, 2008). Through promotions
such as the "buy local" campaign, the local movement encourages consumers to shift
some of their spending to locally owned independent businesses (Hess, 2010).
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"Buy local" campaigns reach consumers by reminding them that there are good reasons
to buy local, such as: investing in the community, better consumer service, the local
multiplier effect and reduced environmental impact (Hess, 2010) . Currently challenged
economic climates indicate growing interest in supporting local businesses . For example,
declines in sales figures of independent stores were half of those of major chain stores.
In areas with an active "buy local" campaign, the advantage for independent stores was
even more marked (Hess, 2010). Hess (2010) attributes this reaction to the structure of
the regional economy and how it fits into a vision of quality of life including issues of
economic development and environmental sustainability. Growing impacts of the local
movement has resulted in corporate counter-strategies to undermine them by supplying
the guise of local in actuality powered by corporate control, such as Starbucks debranded
coffee houses (Hess, 2013).

4.2.1Crona:tingLcrnlizaticn toSodal Sw:tainaality
Localization can contribute to social sustainability by creating community
connections and developing civic engagement. . There is more that goes into defining the
local economy than just the profits derived in the local market. A local economy
promotes a sense of place bringing together a community's interactions with its
environments and local geography . Curtis (2003) states that "The real economic base of
a community consists of all those things that make it an attractive place to live, work and
do business." Irwin, Tolbert and Lyson (1999) and Tolbert et al. (1998) found that
quality- of- life characteristics such as higher income levels, lower poverty levels, less
income inequality and lower unemployment show a positive correlation with small
manufacturing and family farms. These types of business establishments are all
considered locally-oriented and part of the base of the local economy (Tolbert et al.,
25

2002) . Small establishments and establishments that exist only in one specific area are
considered locally-oriented businesses (Tolbert et al., 1998). Researchers assume that
smaller establishments and establishments that only exist in one location are locally
owned (Tolbert, 2005). The scope of the location that the local business exists in can
vary from city to county depending on the definition. Researchers loosely define smaller
establishments as those with 19 employees or fewer (Tolbert, 2005). While this is an
assumption that researchers make about the status of a business's ownership it is one
based on empirical support (Tolbert, 2005). Prevalent examples of the types of business
that are locally-oriented are those within the local food movement. Businesses growing,
sourcing and selling food locally are part of the local food movement; examples include
food cooperatives, farmers markets, local farms and farm-to-restaurant programs (Donald
& Blay-Palmer, 2006; Hess & Winner, 2007). Local establishments extend beyond the
scope of the local food movement, ranging from retail businesses to service type
industries and manufacturing. Some examples of local establishments include local
nonprofit organizations, community media, food cooperatives, credit unions and
cooperatives (Hess, 2013). In many instances the presence of one type oflocal
establishment can foster the development of another, creating a community network of
local establishments (Tolbert et al., 2002). Tolbert (2005) found that the presence oflocal
retail establishments positively corresponds with small manufacturing establishments.

26

Establishments that are locally-oriented tend to build relationships with the
residents that link them to one another and develop a civic community (Tolbert et al.,
1998). Residents who have developed a loyalty to local establishments tend also toward
a deepened sense of place (Irwin et al., 1999; Tolbert et al., 1998). A developed sense of
place within a community is linked to increased citizen participation, and a foundation of
urban planning and development (Kelly, 2010; Manzo &Perkins, 2006). Many of the
sustainability approaches adopted by a city take place within urban planning and
development agencies through the city's comprehensive plan. Citizen input provides an
opportunity for planners to learn about existing issues in the community that they might
not see through their own lens and the interests of the community. When comprehensive
plans contain new or progressive ideas, much like those within the sustainability
framework, it is important that the community understands and supports those elements
of the plan. A comprehensive plan that represents the collective will of the community is
more likely to be successfully adopted by the community (Kelly, 2010).
Comprehensive plans are a tool utilized by local governments to address
unsustainable growth, such as urban sprawl, which has negative social impacts (Porter,
1997). Commonly addressed through the land use element of a comprehensive plan,
urban containment policies include; greenbelts, urban growth boundaries and urban
service boundaries. Greenbelts refer to an area that surrounds a city and is designated to
remain as open space, providing a barrier to expansion. Urban growth boundaries (UGB)
differ from a greenbelt in the sense that it is a dividing line distinguishing rural areas
from urban areas, rather than a physical space. Similarly, urban service boundaries are
also a dividing line but they only delineate the area that urban services will be offered and
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not offered (Bengston, Fletcher & Nelson, 2004). The City of Portland's UGB,
implemented through its comprehensive land use plan, has proven to improve several
measures of urban sprawl (Song & Knaap, 2004). fu addition to Portland, cities across
the nation; including, Austin, Boulder, Burlington, Portland and Saint Petersburg, have
goals or policies in their comprehensive plan that directly address the negative impacts of
urban sprawl (City of Austin, 2017; City of Boulder, 2017; City of Burlington, 2017; City
of Portland, 2017; City of Saint Petersburg, 2017).
Urban sprawl results in increased pollution emissions from vehicles, including
carbon monoxide, nitrogen oxides, sulphur oxides and particulate matter, all of which are
classified as air contaminants. These pollutants have detrimental impacts on human
health and have been associated with hospital admissions for respiratory disease,
congestive heart failure and premature mortality. The segregated nature of urban sprawl
separates people from shops decreasing the walkability and bikeability of a city,
removing a source of physical exercise and making obesity another health problem
related to sprawl. Automobile dependency within sprawling communities also puts
residents at a greater risk of dying from automobile accidents (Gurin, 2003).
Much like the residents who shop in their establishments, locally-oriented
businesses also have a strong stake in their local area or community. The perspective of
locally-oriented businesses is rarely that of multinational or corporate business (Tolbert,
2005). Locally owned businesses hold an obvious interest in the local labor market, the
local economy, the local infrastructure. Smaller non-corporate businesses are also more
likely to have owners who reside in the local area and thus have an interest in the area's
quality oflife (Tolbert, 2005).
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4.2.2 Conna:iingLcxalizaticnto Envircnma,talSus:ainalllity
Localizationcan contribute to environmentalsustainabilityby reducing economic
impacts on the natural environment and natural resources. With the building of the local
movement in the economy there has been increased awareness of the business practices that
burden our environment (Mayer & Knox, 2010). The "think global, buy local" mantra that we
hear today captures many of the same ideas promoted in the 1960s-1970s(Cato, 2011).
Recognitionof the environmental degradation caused from escalating globalizationled to new
ideas on localizingthe economy(Cato, 2011). In 1974,Murray Bookcbinoutlined the
foundation for localizationin his book Our Synthetic Environment (1974), which proposed that
societies could rectify environmental degradation through economic decentralization. While
Bookchin recognized that not all economic activities could be decentralized,he believed a
general shift to stronger local economies would build resiliency (Cato, 2011).
In Small is Beautiful (1973) Schumacher was most concerned with the way that

large-scale production exacerbated social and environmental problems, warning only a
decrease in the scale of production could alleviate environmental decline. The call for
localization in order to move to an economy less damaging to the environment is a
central theme in the work of both of the above authors. Strengthening local economies is
currently recognized as an integral part of creating environmentally sustainable societies
that are self-reliant (Curtis, 2003; Daly, 1993). Within the local movement, there are
different levels of focus on environmental aspects. Some businesses are dedicated to
sustainable or green business initiatives, while others may practice traditional business
methods . There are many points which justify restructuring economies into smallerscale, more localized systems as a solution to the continued degrading of the
environment.
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Localized economies that maintain local production and consumption of goods can
reduce transportation costs, translating to a reduction in fuel use, pollution and carbon
emissions (Curtis, 2003). Agricultural or industrial production occurring within local
enterprises often occurs on a smaller scale, making it is less likely to have a negative impact on
the surrounding environment (Curtis, 2003; Schumacher, 1973; Tolbert, 2005). Logically, this
is the case because small-scale production leads to a reduction in the degree of pollution
emissions (Gray, 2007). Natural environments provide a non-monetary seivice by absorbing
and assimilating wastes. However, if the amount of wastes exceeds an environment's capacity,
the system can collapse (Daly, 1993). Large-scale production by polluting industries is likely
to exceed the assimilation capacity of the environment (Curtis, 2003). Small local industries
have the potential to harvest fewer natural resources within a concentrated area and allow time
for the natural resources to regenerate at the proper rate (Curtis, 2003).

In addition to the assumed positive environmental results from the physical
benefits of a local economy, there are also those that occur within the social realm.
Smaller, locally owned enterprises tend to be more responsive to their customers (Hess,
2008). Freedom from the pressure to show continual gains to stockholders allows
companies to incorporate environmental responsibility goals into their decision-making
processes (Hess, 2008). In areas that place high value on environmental sustainability, a
greater number oflocal businesses are in alignment with those values. This is an
indicator of how local economies can enhance environmental awareness by being
responsive to their customer base (Hess, 2008). Grant et al. (2004) and Prince (2002)
provide evidence that companies with distant headquarters pollute more than companies
with local headquarters.
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Local business owners often reside in the same area where that business is located
and are therefore making business decisions at least partly based on the condition they
expect for their own natural environment (Curtis, 2003; Hess, 2008; Tolbert, 2005). It
has been shown that place identity, or psychological investment with a setting, is
significantly related to environmentally responsible behaviors in an individual, such as
learning to solve environmental issues, conserving water and joining community cleanup
efforts.

Research conducted by Hess et al. (2007) revealed significant areas of

innovation within locally owned enterprises that related to concern with environmental
responsibility, including publicly owned local electricity agencies investing in renewable
energy and reuse stores diversifying into building deconstruction and remanufacturing.
Environmental consideration of a locally owned business can vary by region, depending
on the local organizations and industries present, as locally owned businesses are very
responsive to their customers (Hess, 2008).
Local economies have the potential to foster environmental awareness, cut back
on environmental transportation costs and reduce waste released into the environment
(Curtis, 2003). Moreover, environmental sustainability from economic localization can
come with little to no cost to the economy. According to Portney (2013) sustainability
actually is correlated with economic growth. Thus, local economies have the potential to
obtain an environment-economy balance without any economic hardships, making a
strong case for incentives to creating alternative economic circuits that are divergent from
the mainstream economy (Mayer & Knox, 2010).
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4.2.3O:xlne:iingLcx:alizatimto EroncrnicSus:ainatility
Localization can contribute to economic sustainability by creating economies that
emphasize quality and fit the needs of the local residents. Economic wellbeing has
historically been correlated with a higher number of locally owned establishments. High
levels of economic localization are shown to correlate with job creation and economic
stability (Rupasingha, 2013; Tolbert, 2005; Kolko & Neumark, 2010). Local ownership
is identified by Varghese et al. (2006) as fundamental to an areas long-term economic
viability and resilience. Research fmdings of David Birch (1987) concluded that small
establishments are a vital source of job creation in the U.S. However, Birch's findings
have been contested by Rosenthal and Strange (2003), who found no consistent effect of
locally owned firms on growth. In contradiction to the results of Rosenthal and Strange
(2003), studies by Fleming and Goetz (2011) and Neumark et al. (2008) found that local
ownership does matter for per capita income growth and job growth. There are many
proponents of investing in local businesses as a means of economic development, and for
good reason (Rupasingha, 2013; Curtis, 2003; Hess, 2009). Hess (2008) illustrates that
high levels of local retail businesses have a positive correlation with average income, a
negative correlation with poverty, and a positive effect on quality-of-life.
There are several reasons why economic localization enhances an economy's
sustainability. Included in these reasons is the advantage of the "local multiplier effect",
a cumulative result of recirculating local dollars. The local multiplier effect works by
local establishments spending their earnings at other local establishments, enhancing the
impacts of the initial spending by an establishment, keeping funds recirculating in the
local economy (Shuman, 2006). Recirculation occurs directly when a local business pays
operational costs locally and indirectly when it spends money at other local
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establishments, which in turn spend these dollars locally (Shuman, 2006). Local business
owners and employees also contribute to the effect by spending their earned incomes
locally .
Some estimates indicate that about seventy percent of money spent in a local
business recirculates locally, versus forty percent in a non-local business (Shuman, 2006).
Keeping more money within the local economy also increases economic resilience and
autonomy. Localized economies are not as susceptible to outside economic shocks due to
fewer linkages with other regions (Mayer & Knox , 2010; Kolko & Neumark, 2010;
McKibben, 2007).

4.2.4 LOO:llization
and Trade
A complete discussion of the role that localization has in fostering sustainability
must include the complex role of trade. While there is an anti-trade bias about many of
the practices of international trade in movements focused around localization and
sustainability, this thesis does not take a position for or against international trade
(Burnett & Murphy, 2014; Van den Bergh & Verbruggen, 1999). Rather, the thesis looks
to include a discussion of the advantages and disadvantages of trade, along with the
potential role of trade in a localized economy.
The recurring argument within the sustainable development literature is that
economies based on trade are less likely to promote environmental sustainability than
regionally based economies, however; there is not a substantiated relationship that exists
between sustainability and trade (Daly, 1993; Van den Bergh & Verbruggen, 1999).
Many aspects of international trade are considered environmentally unsustainable
because of the energy consumption and greenhouse gas emissions association with the
transportation costs. Trade can also create a disincentive for environmental policy by
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increasing the international competitiveness in open economies and giving industries the
option of operating in countries with weakened environmental regulations (Van den
Bergh & Verbruggen, 1999).
International trade can also negatively impact local social and economic
conditions by leaving many communities in economic despair due to the relocation of the
producer of goods to an overseas location (Daly 1993, Goodstein, 1999; Gowdy, 1995).
Local enterprises are less likely to relocate overseas and leave an area with an economic
void. A sense of loyalty to their hometown headquarters may be one factor in the
reluctance to move, as local businesses tend to be more loyal to their hometown and their
local customer base (Rupasingha, 2013, Tolbert, 1998). That being said, the benefits that are
gained from small-scale producers and farm workers that earn their living by exporting goods
through expanded global markets cannot be ignored (Burnett & Murphy, 2014).
It is also important to consider the environmental benefits of trade that occur
through comparative advantage. Comparative advantage is based on the concept that
resources are not distributed equally amongst areas nor are they mobile; making it more
efficient for some regions to produce certain goods. Trade's role in supplying an area
with products otherwise too costly or resource intensive to produce there also increases
the variety of goods available. Without trade, an area must depend on the local
environmental factors alone, limiting their ability to produce goods and satisfy consumer
demand (Van den Bergh & Verbruggen, 1999).

One approach to trade that aligns with the localization movement is the food
sovereignty movement's approach. The food sovereignty movement supports trade rules
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that protect small-scale producers and prioritizes local market exchange over global trade
(Burnett & Mwphy, 2014). In addition to prioritizing small-scale and local producers,
national and international incentives and regulations can be used to make trade more
sustainable. For instance, charges could be applied to imported goods that have a high
level of pollution associated with their production (Van den Bergh & V erbruggen, 1999).
Cities can develop the local sector of their economies to increase economic
independence, while still maintaining a level of international and regional trade.

4.3 EcmanicDiversty
Curtis (2003) and Templet (1999) suggest that economic localization is one
economic component for sustainability; arguably, economic diversity is another. A
common definition of economic diversity is "the presence in an area of a great number of
different types of industries" (Wagner, 2000 pg. 4). Diversity is static in nature, while
diversification is dynamic, involving the process of something becoming more diverse
over time (Wagner, 2000). Diversity can occur in different elements of an economy.
Complex levels of economic diversity can involve economic activity, economic structure,
the presence of multiple specializations and inter-industry linkages. Variation in industry
type is one of the most observable aspects of economic diversity. Diversity can also
occur within each industry type. Specific industries can comprise different styles of
establishments that vary in size and specialization {Tolbert, 1998).

4.3.1 Crona::ting Diversty to Scxial SusainabiIity
Economic diversification equates to more diverse job opportunities that
contribute to social sustainability by providing better quality of life to a more varied
group of individuals. When there is a diversity of the types of jobs in an area, there are
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more varied opportunities for the individuals living there and they will be less likely to
leave, keeping the social capital intact (Leigh & Blakely, 2013). Economic diversity in
an area provides opportunities for people with different interests and backgrounds. These
opportunities encourage an increase in diversity of the age, ethnicity and economic
backgrounds of the local population, this benefits the social base by exposing people to
different opinions and cultures. This exposure can increase social development through
individuals learning how to interact with and understand people from backgrounds that
differ from their own, making a more tolerant society (Newman & Dale, 2004).
Fostering the social benefits of diversity calls for cultural tolerance which can attract
talent and increase innovation (Florida, 2002). Individuals that work together in diverse
groups are often more creative and productive (Leung, Maddux, Galinsky, & Chiu, 2008;
Herring, 2009). A creative and culturally diverse population increases cultural capital,
the non-monetary value associated with culture that can promote social mobility.
Cultural capital transmits knowledge over time spurring new ideas and new organizations
(Daly, 1968). Cultural capital is a way for economies to develop around cultural assets
such as, historic spaces or monuments, museums and cultured food, art or entertainment ,
rather than around natural resource-intensive, extractive industries.

4.3.2 Cmna:iing Diva-s ty to Environma,tal Sus:ainability
Economic diversity can contribute to environmental sustainability by reducing the
vulnerability imposed by economic dependence . When an area is economically
dependent on one single industry or establishment, the community is more likely to
accept environmental harm caused by the industry, especially if it is the only option for
employment in the area (Goodstein, 1999). This dependence leaves the local government
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and residents suspended between enduring active pollution and surviving the hefty costs
of environmental remediation, should the industry relocate and leave the area without a
significant source of funding (Leigh & Blakely, 2013).
Environmental damages can be amplified if industry clustering is present in an
area. Industry clustering can consist of heavily polluting industries, such as Louisiana's
petrochemical industries. In such cases, chemical waste loads are bound to exceed the
natural environment's capability to assimilate them. When a heavy polluting industry
causes severe damage to natural system, the economic viability of that system is
compromised. Diverse economies have the potential to use their natural resources more
advantageously and efficiently (Templet, 1999). The greater the diversity of the types of
industries present in an economy, the greater the variation in resource uses. This
variation assures that one resource does not become completely depleted or degraded,
causing collapse to others (Curtis, 2003). Areas that have healthy waterways, fish stocks,
etc. can use them to develop new economic sectors such as, sustainable fisheries and ecotourism. Products and businesses can develop around an area's natural resource base,
stimulating the development of products and manufacturing practices that meet the local
needs of the environment (Curtis, 2003).
Goodstein (1999) outlines how in the case of the Pacific Northwest, the move away
from its dependence on one natural resource and the inclusion of others that moved the
region towards a more environmentally sustainable economy. When the Pacific Northwest
region of the United States underwent economic diversification due to injunctions placed on
its timber industry, it discovered the sustainable benefits of diversity. From the 1950's
through the early 1980's the Pacific Northwest's economy relied on the timber industry based
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largely in the area of the old-growth forest, which also happened to be the habitat of the
federallyprotected northern spotted owl (Charnley,2006). The owl's federallyprotected
status led to limitationsbeing placed on the industry's allowable cuts to protect the owl's
habitat (Goodstein, 1999). When the limitationswere originally mandated in 1991,the
timber industrymade up about eighty-fivepercent of the area's industrialeconomy
(Charnley,2006). In order to prevent economicdecline in the area the Northwest Forest Plan
was put into place (Charnley, 2006; Goodstein, 1999). The Northwest Forest Plan was the
strategicplan designed to balance the conservationand management of the forest ecosystem,
while gaining economic and social benefits of the forest. One of the long term goals of the
plan was to assist with long term economic developmentand diversificationin the area). The
Jobs-in-the-Woodsprogram was a part of the plan that worked to move displaced timber
workers intojobs that focused on ecologicalbenefits (Charnley,2006). Thesejobs included
high skilledjobs in road removal, reforestationand fish habitat restoration,leading to the
developmentof the restoration industry in the area, an industry that aids in environmental
sustainability(Goodstein, 1999).In additionto the restorationindustry,the recreation
industryalso developed, with the assistanceof a revolving loan fund was set up to assist
expansionof small businesses in the area (Charnley,2006). Businesses developedaround the
natural amenitiesthat the area had to offer. Developmentin the area led to the spawning of
other business establishmentsand increasedjob opportunities. People moved to the area for
job opportunitiesand to enjoy the high-qualityenvironment(Goodstein, 1999). This
continuumof advancementstoward a more diverse local economy subsequentlybuilt the
quality of life in the area. Diversity assisted in the economy of the Pacific Northwest region
becoming more environmentallysustainableand economicallyviable (Goodstein, 1999).
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4.3.3OJnna:ting Diva-styto theEa::ncrni
c Sus:ai
nati Iity
Economic diversity can contributeto economic sustainabilityby aiding in the
stabilizationof an economy. Diversificationof the Northwest region's economy fostered
economic stability and development. When additional cutbacks to the timber industry took
place after economic diversification,the local economy remained stable (Goodstein, 1999).
Historically,economic diversificationhas been promoted as a method of achievingeconomic
stability. While the relationshipbetween economic diversity and stabilityhas been debated
there have been consistent findings from research in the U.S. that supportthe relationship.
Wagner & Deller's (1998) research shows that in all 50 states economic diversitygenerates
stability. Results from studies by Malizia & Ke (1993) indicate that U.S. metropolitanareas
that are more diverse experiencelower unemployment rates and higher stability. Research
conducted by Essletzbichler(2005) on data from 1975 through 2002 links economicdiversity
to stability and growth in 177 economic areas in the U.S. The presence of varied industry
and establishmenttypes in diverse economies can act as a buffer to economicshocks by
providing the area other outlets of opportunityin the event an economic downturnor
relocation of a specific industry occurs (Wagner & Deller, 1998;Rupasingha,2013).
Overdependencealso makes the local government in an area susceptibleto unfavorable
economicpolicies, such as increasedtax reductions for an industry that is subsequently
moving funds outside of the local area (Goodstein, 1999; Portney, 2013).
The above literaturereview explains how economic traits of both localizationand
diversity can exhibit analogous functions of sustainability. Shared functionsof economic
diversity and localizationinclude: reducing energy expendituresin an economy,increasing
the autonomy of an area and building upon quality oflife characteristicsin an area (Curtis,
2003; Templet, 1999).
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5.0 Me thodology
5. I Dependent Variable - Sustainab ility Measure
Curtis (2003), Hess (2009) and Hackler (2013) declare that localized and diverse
economies are functions of sustainability, but this hypothesis has not been empirically
tested. This study is the first time that the relationship between localization and
diversification and sustainability is being empirically tested on any area; therefore, there
is not a complete model to replicate. This research builds an empirical model to test the
relationship between sustainability as the dependent variable and economic localization
and diversity as the independent variables. Population was also included as a control
variable, based on suggestions from previous research (Hess & Mai, 2014).
For the dependent variable, data was used from a sustainability index provided by
Budd et al. (2008). There are a total of 49 U.S. cities in the index but only 47 were used
in this research. Virginia Beach and St. Louis were removed from the research due to
insufficient data. The cities were chosen for the index based on the data that was
available for the various sustainability indicators for those cities. The 49 cities in the
index represent varying regions across 24 different states. There is variation in size,
demographics, economic activity and political culture among them (Budd et al., 2008).
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FiRure 1 - Map of ,r Cith!S a11dS11stai11abilit,·
Scores Across ReRio11s

Legend
Sustainability Ranking

•

1.25-2 .50

e

2.51 -3.75

•

3.76-5 .0

This index was chosen based on its assessment across cities and the scope of its
dimensions. This index has been used in other empirical research (Miller, 2010;
Petrosyan, 2014). While each of the dimensions included in the sustainability index is
not directly a potential function of a localized and diverse economy, the score as a
comprehensive measure is believed to be appropriate as a proxy for sustainability. It has
been explained in the above literature that all features of sustainability are interdependent
and overlapping.

The sustainability index score is a measure of five sustainability

components. The components include public health, environmental quality, economic
vitality, counter-measures to urban sprawl and official planning activities and policies
that directly support sustainability. Each of the components corresponds with one or
more of the three dimensions of sustainability: social, environmental and economic. See
Figure 1 for a description of the data collection methods for each sustainability index
component and the corresponding sustainability dimension (Budd et al., 2008).
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F,

igure ~ - S11stai11abili~r
Index Co111po11e11ts
a11dC01respo11di11g
Di111e11sio11s
( adapted from Budd et
r L 2008)
Public Health:
:t,.,.feasuredby usmg dat.afrom th-eCenta· for Disease
Control for each urban area on mfmt mortality, death
rate, t~e
pregnancy and physicians per capita.

Socia1 Susta:inabDity

Environmental Quality:
A measure was calculzed using F.n,;ronmental
Protection Agency data on air quality and surface
water quality impatnnent.

Count-er 1',;feasur-esto Ud>an Sprz-.d:
Determined using mform..tion from the 2000 eensus
and T~
Transportation Institute on population
density and automobile traffic delay. The cities v.rith
highet· dauity and less traffi<: delay are considered to
be more sustainable.
Economic Vtt.llity:
Asseued using Census data .from 2000 on population
gro ..-.1:h,unemployment rate, median family income
and m-edim ,,aJ.ue of o·wner- occupied housing.

En,irollmental

Sustainability

Economic Sustainability

Official Planning Activities and Polici;es Directly
Supportive of Sustainability:
A , 0.alue was found through a study conducted by
gi·ad.uare students em-olled in an eu,:uonmental Science
and Regional Planning seminar at ,vaihington State
University. The students conducted content analyses
on city websites, comprehensive plans .and related
policy doc:umenu to determine if sui;tainability was
suppon-ed by the city govemment.

In all cases the data for each component was normalized and equally weighted.
Data from each of the components was then combined for each of the 49 cities. Each
component had a standardized z score created that ranged from Oas the minimum and 1.0
as the maximum. A summary measure with a maximum score of 5.0 (most sustainable)
and a minimum score of O(least sustainable) was the final sustainability range for the
index (Budd et al., 2008). See table 3 for the ranking of the 47 cities sustainability
scores, note two of the cities are equally ranked.
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Table 3 - Sustai11abilityI11dexfor C'itfr?s(Budd et al.. 2008) (maximum score 5. minimum 0)
adapted from Budd et al.. 2008))
City

Rank#

Sustainability
Score
4.332

Rank#

City

24

Cleveland, OH

Sustainability
Score
2.270

I

San Francisco, CA

2

Seattle, WA
Salinas, CA
Minneapolis, MN
San Luis Obispo,
CA
Reno,NV
San Diego, CA
Des Moines, IA
Boston,MA
Colorado Springs,

3.913
3.850
3.396
3.395

25
26
27
28

Columbus, OH
Philadelphia, PA
Pittsburg, PA
Tulsa, OK

2.247
2.157
2.156
2.048

3.240
3.235
3.061
2.974
2.931

29
30
31
32
33

Charlotte, NC
Dallas, TX
Atlanta, GA
Greensboro, NC
Sacramento, CA

2.039
2.011
1.981
1.951
1.949

Denver, CO
Albuquerque, NM
Rochester, NY

2.825
2.187
2.649

34
35
36

1.929
1.870
1.776

Salt Lake City, UT
Spokane, NJ
Providence, RI
Las Vegas, NV
Jacksonville, FL
Hartford, CN
Kansas City, KA
Mesa,AZ
Omaha,NE
Oklahoma City, OK
Chicago, Il.,

2.642
2.637
2.519
2.512
2.439
2.436
2.426
2.395
2.315
2.315
2.272

37
38
39
40
41
42
43

Kalamazoo, MA
Palm Springs, CA
West Palm Beach,
FL
Nashville, TN
Louisville, KY
Dayton, OH
Knoxville, TN
Miami,FL
Cincinnati, OH
Long Beach, CA
Baltimore, MD
Wilmington, DE
Houston, TX

3

4
5

6
7

8
9

10
11

12
13

14
15
16
17
18
19
20
21
22

22
23

co

44

44
46

43

1.751
1.746
1.691
1.650
1.635
1.624
1.611
1.448
1.398
1.313

I

5.2 Independent Variables
Data for the localizationand diversitymeasure is only available at the county level.
Thus, each city's localizationand diversitymeasure comes from the county in which it
resides. Since the counties are largely comprisedof the resident city, it is reasonableto use
county data as a proxy for the city. The county-checkingwebsite http://explorer.naco.org./
was used in order to determine the city's resident county. If a city had multiple counties
listed as its resident county, the county was determinedby contactingthe local city
government.

5.2.1EancrnicDiV8"styI ndia:s
As mentioned in section 5.3, there are a multitude of intricate levels within economic

diversity;therefore, it can be measured by several differentmethods (Hess, 2008; Wagner &
Deller, 1998;Wagner, 2000). Some measures of diversity focus on the types of industries
present; with all of these measures there is an emphasis on growth (Wagner & Deller, 1998;
Wagner, 2000). Portfolio measures are an approachto measuring economic diversitythat
uses an adapted form of the portfolio theory from finance literature. Portfolio measuresmake
no allowance for the economic effects of indirect interrelationshipsor links between internal
industries. These measures are also based on time series data, which makes them a non-static
measure of diversification,not diversity(Wagner & Deller, 1998; Wagner, 2000). An
alternativeapproachto describingdiversityis through input-outputmeasures. Complexityof
regional diversity is thought to be capturedbest by using these measures. To accomplishthis,
these measures explicitly account for industry linkages and require proprietary data. Industry
linkagesrepresentthe transactionsbetween producers and consumers of good and services.
These transactionsare considered inputs-goods the industriespurchase from one anotherand outputs-where the industry sells their products (includingto other industries). One
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critique of this measure is that it is insensitive to industry output levels, causingregions that
have high outputs in risky industriesto appear the same as those with high outputs in
economically stable industries (Wagner & Deller, 1998; Wagner, 2000).

In order to generate a diversity score for each city, an entropy measure described by
Wagner (2000) was created to reflect the distribution of employmentacross industry sectors.
Greater concentrationof employmentin a few industries indicates a less diversifiedor more
specialized economy. Shortcomingsin entropy measures derive from the fact that they do
not include industry linkages and they use a fixed number of industry sectors, causing them
to be criticized for being overly arbitrary. While entropy measures of diversityhave been
criticized,they are the most common measure used empirically. Entropiesmeasures are used
in the research of both Essletzbichler(2005) and Malizia & Ke (1993); studies that contribute
to the literature review of this thesis for their empirical connection of diversityto economic
stability. As explained by Wagner (2000) entropy measures provide an effectivemeasure of
economic diversity with the use of limited data and are used in this research for that reason,
in addition to their use in prior empiricalresearch on economic diversity (Wagner,2000).
The entropy measure used in this research is the Herfindahl (Hi) index. This index
has been used to find economic diversityin many other empiricalresearch studies (Dalenberg
& Partridge, 1997; Essletzbichler,2005; Gray & Lowery, 1994;Haughton & Mukerjee,

1995; Partridge, Bollman, Olfert & Alasia, 2007). The Herfindahlindex is commonlyused
to measure economic diversitybut it has also been used to measure diversitywithin other
various systems (Haughton & Mukerjee, 1995). The index ranges from O-1, 0 signifyingthe
highest level of diversity (Raj, 2008), and is calculated as follows:
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Where Si equals the total number of industries in the ith region, esi is some level of
economic activity, usually employment, in the ith region in industry s, ei equals the total
activity or employment in the ith region and that region is the reference economy. In this
case, the reference economy is the county. The 2 is a positive constant that is included to
put greater weight on firms with bigger shares of economic activity (Wagner, 2000).

5.2.2EconomicDiva-sty Data
Industry type diversity is the most prominent classification of economic diversity.
Industry type diversity is discemable and obtainable. There was no existing Herfindahl
index available for the cities in question, so one had to be created. Data for industry type
diversity was acquired from the 2007 U.S. Economic Census and County Business
Patterns data. The Economic Census and County Business Patterns are both U.S. Census
Bureau surveys that provide economic data by industry type (U.S. Census Bureau, 2016).
Data from 2007 was used because it corresponds with the time frame of the data used in
the research's sustainability index. Industry type data is categorized by the Census using
the North American Industry Classification System (NAICS) for 2007 (U.S. Census
Bureau, 2016). Data on the number of paid employees, total establishments and number
of establishments by employment-size class is provided for each industry. County
Business Patterns employment data at the six-digit level NAICS code, corresponding to
industry breakdown within 20 different main categories, was used to calculate the
Herfindahl score for each city; those scores were then used to generate the economic
diversity index (see Appendix A for the diversity index). An additional Herfindahl score
was calculated for each city using reaggregated Economic Census data at the two-digit
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NAICS code level; these scores were then used to create an additional economic diversity
index. This was done to examine any difference between a reaggregated, or less defined
diversity index, in comparison to the aggregated diversity index. See table 4 for an
example of the two-digit and six-digit 2007 NAICS code descriptions.
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Table ./-NAIC'S Two-digit and Si-r-digit Code Descript1011s(U.S. Census Bureau. 2016).
2 Digit
NAICS
Code

11

Description

* Example

Agriculture, Forestry, Fishing and Hunting

115112 Soil preparation, planting, and cultivating

of 6 Digit NAICS Code

115114 Postharvest crop activities (except cotton ginning)
--

~

115210 Support activities for animal production
21
22

Mining, Quarrying, and Oil and
Gas Extraction
Utilities

23

Construction

~----

--

* The

-

;.;_-,c

11
---31-33--42
-44--45

-

----------

Manufacturing

1

Wholesale Trade
Retail Trade

-

-----------1
48-49
Transportation and Warehousing
n·---5-1- -1 Information
-

52

Finance and Insurance

- ·Real Estate and Rental Leasing
..

53
54

~

--

fessional, Scientific, and Technical Services

-

55

Management of Companies and Enterprises

56

Administrative and Support and Waste Management
and Remediation Services
Educational Services

.-:

"'"

61

-

..

_,
..

62

Healthcare and Social Assistance

71

- · Arts, Entertainment, and Recreation

72
81

--

92

·- --~

---

-- -

Accommodation and Food Services
--__.
- ......
·--- -·- -Other Services (Except Public Administration)

--

-~

____

.--

.....-,

Public Administration

--

- - -~
...-

1

-
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example shows the 2
digit NAICS code 11
(Agriculture, forestry, Fishing
and Hunting) broken down into
6 digit NAICS code sectors .
This data is for San Francis co
County The types of 6 digit
NAICS codes can vary by
county . The 6 digit NAICS
code provide a more detailed
description of the industry
types.

-

5.2.3LocalOria,tatim
Bearing in mind that according to Hess (2008) local refers to a metropolitan or
rural area in which the inhabitants share the same shopping area, employment and other
economic relationships, quantifying the level of localization in an area can be
challenging. These challenges predominately come from data limitations. There is
currently no comprehensive data that provides information on the residential status of a
business owner. Researchers who have conducted research on localization use a variety
of methods to find the percent of the economy that is locally owned. These methods
involve developing a proxy for localization. Local status can be determined based on
establishment location or establishment size. It is assumed by researchers that smaller
establishments are locally owned (Tolbert, 2005) . Researchers consider smaller
establishments as establishments with 19 employees or fewer (Tolbert, 2005).
Kolko and Neumark (2010), Fleming & Goetz (2011) and Rupasingha (2013)
each define local establishments as "either a stand-alone businesses in the area or
businesses with headquarters in the same state" (Rupasignha, 2013, p.7). However, this
criterion is not fully applicable to this research. Businesses that are headquartered in the
same state do not necessarily reflect a "local" establishment given the focus of this
specific research. For example, Walmart is headquartered in Bentonville, Arkansas;
therefore, Walmart would be considered a local establishment for all cities in Arkansas.
The chosen criterion is instead provided by Tolbert et al. (1998). According to Tolbert et

al. (1998), in order for an establishment to be considered locally-oriented it must meet the
following qualifications: the entire enterprise exists in one location, and, there may be
multiple "chain" establishments if they are all located in the same local area.
Accordingly, for this research, the designated "local area" is the county.
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5.2.4 LocalOria,tationData
There are very few databases that contain data showing whether or not an
establishment is only located in one county. Thus this study used information from
ReferenceUSA to create a localization index. ReferenceUSA is a database for residential
and business information that contains information on establishment linkages and
establishment size (ReferenceUSA, 2015).

Establishment linkages are defined as

establishment or business affiliations that are part of the same parent company. Data
collection is derived from Yellow Page searches, stock exchange comparisons, U.S.
security and exchange commission filings, web research and validation phone calls
(ReferenceUSA, 2015). Historical data that dates back to 2003 is available for
establishment linkages and size and data is available at the county level.
ReferenceUSA divides business data into four different categories based on their
establishment linkages. See table 5 for the code descriptions. Based on these code
descriptions, business establishments that fall under the Code 9, Single Location,
category meet the criteria for a local establishment according to the definition used in this
research. Code 1, Headquarter establishments having 19 employees or fewer were also
included as local establishments. This designation is based on research that uses
establishment size as a qualification for local. Small headquartered establishments are
included in this research to capture business that may have more than one location but are
all located in the same county. Data from the ReferenceUSA database was used to find
the number of single location establishments and small headquarters per county, these
numbers were combined and used to determine the percent of localization for all 47
cities, generating an economic localization index (see Appendix B for the localization
index data).
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Table 5 -Establishmem D11kages(Reference USA, 2015)

3
9

Headquarter . The Ultimate domestic arent
Branch: Any company location which is not a HQ for other
locations
Subsidiary Headquarter: Linked to a parent, and serves as
~ for another location
Single Location: no linkage, not owned by another
com an

5.2.5Contrd VariatAe

5.2.5.1 Population Size
Previous literature indicates that population size is an integral variable to control
for when examining both localization or a small business sector within a city and factors
that lead to successful sustainability policies and programs within a city (Hess & Mai,
2014; Svara, Watt, & Jang, 2013; Tolbert, 2005; Rupasingha, 2013). While there is no
consistent relationship between population size and the success of a city's sustainability
policies, but there are indications of an existing relationship (D. Hess, 2017: Portney,
2017). This relationship can vary depending on the size of the municipality, for cities
with a population greater than 300,000; population is shown to have very little effect on
sustainability.

Smaller cities tend to display a more significant relationship between

population size and the pursuit of sustainability (Portney, 2017). Population sizes of the
cities used in this research range from 153,989 to 9,883,649, with 43 out of the 47 cities
having a population greater than 300,000 (see Appendix C for population data).
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Table 6 - Population Codes

Code
1
2
3
4
5
6

7
8
9
10

Population Range
0-500,000
500,001 - 1,000,000
1,000,001-1,500,000
1,500,001- 2,000,000
2,000,001-2,500,0000
2,500,001-3,000,000
3,000,001-3,500,000
3,500,001-4,000,000
4,000,001-4,500,000
4,500,001-5,000,000

Code
11
12
13
14
15
16
17
18
19
20

Population Range
5,000 ,001-5,500,000
5,500,001 - 6,000,000
6,000,001-6,500,000
6,500,001- 7,000,000
7,000,001-7,500,000
7,500,001-8,000,000
8,000,001-8,500,000
8,500,001-9,000,000
9,000,001-9,500,000
9,500,001-10,000,000

Scale is one possible explanation of the relationship between population and a
cities level of sustainability; cities with a larger population size will have more resources
and therefore be more able to develop sustainability programs (Hess, 2017; Portney,
2017). As discussed previously in section 3.9, density does have the potential to aid in a
city's ability to implement sustainable policies and practices; it can also make it more
challenging, a potential cause of the inconsistency in the relationship. Due to the
obscurity of the relationship between sustainability and population size, along with the
content of this research, and the range of population sizes, it is necessary to control for
population size.
Population data for this research was obtained from the 2005-2007 U.S. Census
American Community Survey (ACS), an ongoing survey that provides information about
the American people, including population size statistics (U.S. Census Bureau, 2016).
Data for population size was collected at the county level, in order to remain consistent
with the other independent variables. Population size data for each city was then coded
based on where it fell within a population range. See table 6 for the population code
ranges.
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5.3 Models
In order to determine an appropriate model, four linear regressions were
conducted, using data from the sustainability index as the dependent variable and four
different combinations of independent variables . All models were tested for overall
significance, the F significance and the signs of the independent variables. See table 7 for
the model descriptions.
Table 7 - Model Descriptions

Model Name

Modell

D~endent Variables-----1-Independent Variables____
Sustainability Index
Diversity and Localization Index

Model2

Sustainability Index

Diversity , Localization and Population Index

Model3

Sustainability Index

Model4

Sustainability Index

Diversity (2D), Localization and Population ~
Index
_
Localization and Population Index

-1

6.0 Results
Model 1, exploring economic variables of localization and diversification alone,
failed to confirm the hypothesis that cities having higher levels of localization and
diversification in their economies will also have higher measures of sustainability, and
was deemed statistically insignificant, with an F-test significance of 0.145 (see Appendix
D for linear regression output). Model 2, which includes population size as an
explanatory variable is significant, with an F-test significance of 0.030 and an R2 value of
0.186 (see Appendix E for linear regression output). While accounting for 18.6 percent
of the variation in Y, it falls short in accounting for the effect of diversification, with an
individual p-value of0.582. Model 3 uses aggregated data for the diversity index but
with a p-value of 0.837, the diversity index is even less significant than that of model 2
(see Appendix F for the linear regression output). See table 8 for the linear regression
results by model.
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Table 8- Linear Regression Results by Model
Model

Coej
p-value
tStat
2 Coej
p-value
t Stat
3 Coej
p-value
tStat
4 Coej
p-value
t Stat

1

Intercept
(sustainability)
-4.919
.237
-1.198
-7.747
.066
-1.889
-7.593
.079
-1.794
-7.802
.062
-1.917

Diversity

Localization

16.497
.318
1.010
8.828
.582
.555
-5.437
.837
-0.207

8.056
.092
1.722
11.652
.018
2.469
12.142
.0172
2.478
11.867
.0146
2.543

Population

-.071
.025
-2.326
-.076
.0181
-2.455
-.074
.015
-2.515

R2

Sig. F

.084

.145

.186

.030

.181

.033

.181

.012

Localizationis foundto have the most significanteffecton sustainability,as shown by
model 4, having an F-test significanceof 0.012. Both variablesare significant,with p-valuesof
0.0146for localizationand .015 for population. The R2 value for the model is 0.181, almostthe
same as that of model 2, explaining18.1percent of the variationin Y by the localizationindex
alone (see AppendixG for the linear regressionoutput). Consideringthe above results,the
model that best explainsthe variationin Y, is model 4, representedby the following equation:
SustainabilityRanking= -7.802 - 0.074 Population+ 11.867Localization
The populationcoefficientsmay be inteipretedas follows:For every one million
person increasein the populationindex, the sustainabilityindex goes down by 0.074 points.
For the localizationindex, the coefficientis easier to interpretby scalingthe results. That is, for
every 0.1 increasein the localizationindex, sustainabilityincreasesby 1.186points. The results
indicatethat sustainabilityin a city decreaseswith an increasein populationbut increaseswith
an increasein economiclocalization. See figure 2 for a bubble graph of the relationship
betweensustainabilityand localizationgroupedby population,which reinforcesthese results.
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Figure 3 - Relationship between Sustai11abili~1·
and Locali=atio11Gmuped ~r Pop11latio11
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7.0 Discussion
7 .1 Innovations
This thesis hypothesizes a novel relationship by exploring the potential
impacts of local and diverse economies on a city's level of sustainability. The thesis then
uses a model to try to elucidate a part of this idea and see ifthere is an existing
relationship. This thesis made data contributions by creating a localization index for 47
cities that measures localization by industry linkages, this measurement can be replicated
and used in additional research. In combination with creating a new index the study
applies existing data to a new topic of research.

There has been discussion around

sustainability and economic localization in the literature and in the mainstream local
movements but this is the first time any empirical study examines the relationship (Hess,
2008; Hess, 2010; Curtis, 2003; Hackler, 2013).
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This study finds a model, model 4, that illustratesthe positive relationshipbetween
economiclocalizationand level of sustainability,which is an advancementto the localization
research. As localizationmovements spread across the nation, one may observe the
environmentaland economicbenefits of a localized economy. City governmentsseeking to
promote sustainabilitymay well create policies to support the developmentoflocal
economies,such as local business cooperatives,regional trade associations,size-based
zoning restrictions and local-based economicdevelopmentstrategies. While the models in
this thesis did not prove a relationshipbetween diversity and sustainability,the results have
added new knowledge to economic diversityliterature and shed light on some possible data
limitations,along with the need for further research on diversity indices.

7.2 Data
The variables included in this study represent concepts which are broad, complex and
challengingto capture precisely. Because of this, the variables in this study are proxies rather
than direct measurements. The following section offers a review of the challengesposed by
the variables used in this study.
7.2.1Sugainablity asa Proxy
As discussed in the introduction sustainability is a wide-ranging concept that can

have multiple interpretations. Therefore, measuring the success of sustainability in a city
can be elusive. Different disciplines and authors have different considerations for what
makes a city sustainable. With no direct measurement of sustainability, the measure for
sustainability in this thesis is considered a proxy. This measure includes components that
have not been addressed in this thesis. Public health, counter measures to urban sprawl
and official planning activities and policies directly supportive of sustainability are
dimensionsin the measure that do not directly relate to economic localizationor diversitybut
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are related to the three pillars of sustainability.While the economicvitalitydimensionof the
sustainabilityindex has a more direct connectionto economiclocalizationand diversity,the
dimensionis missing an importantmeasure; income inequality. It is found in the literature
that a reduction in income inequalityhas a positive relationshipwith smallmanufacturing
and family farms (Irwin, Tolbert and Lyson, 1999;Tolbert et al., 1998). However,income
inequalityhas become a rising concernin cities experiencingadvancementsin qualityof life
and high skilled industries(Florida,2003; McCann, 2007). This growth in the divideof
personal incomes does not align with economicsustainabilityand could be includedto get a
more accuratemeasure of economicvitality as it relates to a city's sustainability.

7.2.2Lcx:alizatia,asa Proxy
The variable for economiclocalizationin this research is also a proxy variable. As
explainedin the methods section,proxies for localizationare used by researchersbecauseof
the lack of data on the residentialstatus of a business owner. Much like the proxiesused by
the other researchers,the localizationvariablein this research does not capturewhetheror not
the owner for the establishmentsactuallyresides in the local area. In additionto this, the
localizationindex does not include informationon where the productsbeing sold or used in
the local establishmentsare sourced. Includingthese conceptswould provide a more
completeindex, but that data is unavailablethrough a database.

7.2.3EoonanicDiV8"sty
The diversitymeasure in this researchis a direct measure,rather than a proxy.
However,the entropymeasure used in this researchonly indicatesvariationacrossindustries;
it does not capture the industry linkages. Industrylinkages include the source of the inputs,
or goods,being used in the industry,an importantaspect of economicdiversityas it relates to
sustainability. In additionto entropymeasure in this research not includingcomplexlevels of
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diversity,the data for the entropymeasure does not capturethe full economiccontributionof
the industry. This is discussedfurtherin the research limitationsectionof this thesis.
Another aspectthat is not consideredby the measure of diversityin this researchis
the types of economicsectorsthat could be inherentlymore "sustainable". Industriesthat are
not extractiveon environmentalresourcesand do not have high levels of pollutionassociates
with them. Examplesof these types of industriescould includethe recreationalindustries,
tourism industries,administrativeindustriesand environmentalremediationindustries.
Currently,there is not researchshowinga relationshipbetween specificeconomicsectors and
sustainabilitysuccessin a city. In addition,many of a region's least sustainableactivities,
namely, the extractiveindustries,exist outside of metropolitanareas. Thus, they may not be
captured at the city or county level. These questionson economicdiversityindicatethat its
relationshipwith sustainabilitycould be more complexthan consideredby this researches
measure.
It is indicatedby this researchthat economicdiversityhas little influenceon a city's
sustainability. Economicdiversityhas historicallyshown to correlatewith economic
stability,which is not a direct variablein this research. That there is very little variationin
the calculatedHerfindahlscoresamong the 47 U.S. cities in this study might explainwhy
diversificationhad little effect on the change in sustainability. Significantlymore variation
exists in the localizationscores for each city (See Figure 3), which may help explain its
consistent significancein the models. Eighty-sevenpercent of the Herfindahlscores fall
between 0.0075 and 0.0175 (See Figure 4). These scores are close to 0, indicatinga high
level of diversityfor the city; however,the lack of variationin the economicdiversityamong
cities in the U.S. might be an indicatorof economichomogenizationacross cities.
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7.2.4Populationasa Contrd Variable
Economiclocalizationis only shown to have a relationshipwith sustainabilitywhen
controllingfor population,which differs from previousliterature. Currently,Hess and Mai
(2014)is the only study coming close to examiningthe relationshipbetween a city's economic
localizationand sustainability.Hess and Mai (2014)test the effectsof the strengthof the small
businesssector,ratherthan the local businesssector-although often interchangeablein
empiricalresearch-on the adoptionof sustainabilitypoliciesin an area. In their researchthe
variablesmeasuringlocalizationincludeU.S. CensusCountyBusinessPatternsdata on small
manufacturingand small accommodationsand food services.These localizationvariablesare
representedas absolutevalues in the study,rather than percentages,causinga pre-existing
linearrelationshipwith the populationvariable. Resultsfrom their studyare not significant
when they controlfor population. As statedin the methodssection,authorsconducting
researchon sustainabilityin cites indicatethat there is littlepopulationeffect for citieswith a
populationgreaterthan 300,000,this is also contradictoryto the resultsof this study (Portney,
2017). Ninetypercent of the citiesused in this studyhave a populationsize greaterthan
300,000but populationvariablestill has an impacton the sustainabilityvariable.
In additionto resultsof this study only being significantwhen controllingfor

population,it was foundthat as populationincreased,sustainabilitytendedto decrease.
Currentlythere is not a consensuswithinthe literatureas to the relationshipbetweena city's
populationand its sustainabilitysuccess. The negativerelationshipthat was found in this
researchcouldpotentiallybe a result of the componentsthat were includedin the sustainability
index. One of the componentsrelatesto the city's abilityto controlurban sprawl. Citiesunder
pressurefrompopulationgrowthare likelyto be less successfulat controllingurban sprawl.
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8,0 Conclusions
The original hypothesis for this research, which states that cities having
higher levels of both localization and diversification in their economies will also have
higher measures of sustainability, was not confirmed. Instead, its findings show that
higher levels oflocalization alone yield higher ~ustainability scores. Economic diversity,
although historically proven to have positive economic impact, is not found to be a factor
in sustainability, a conclusion that warrants further exploration. The index to measure
economic localization at the city level that is presented in this study can benefit future
research and will hopefully prompt further exploration into the relationship between
economic localization and sustainability.
Traditional ways of thinking about the environment/economy interaction, derived
from neoclassical economics, have been limited in scope and often contradictory. This
study seeks to illustrate the post- modem understanding of this relationship , that tradeoffs
between economic and environmental health are not necessary, an idea upon which
sustainable development was founded. Sustainable development brings together many
interests, ideas and fields of study. With this in mind, this study explores research on the
local business sector, economics, ecological economics, urban planning, social
interactions and sustainability to assess the potential linkage between the local business
community and urban sustainability. Finding methods to move towards sustainability
require the same cross-disciplinary approach. It is imperative to look towards our
economy to find ways to generate solutions for sustainability, rather than impediments to it.
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9. 0 Research Limitations
One of the limitations of this study was the scarcity of available data on the value of
sales, shipments, receipts, revenue or business done within each industry type. This data is
not included in the County Business Patterns data used to calculate the Herfindahl score at
the six-digit NAICS code for each city. County Business Patterns data does include payroll
data, but has too many missing values to be used in the study. Economic census data used
to calculate the Herfindahl at the two-digit NAICS code level includes the value of each
industry by type, but also has too many missing values to be used in the study.
Industry employment data was instead used to calculate the Herfindahl for each city
at the two- digit and six-digit NAICS code level. This is used in other studies to calculate
the Herfindahl, since data on number of employees within each industry should correspond
to value. However, industries may well have low total employment yet high annual
earnings, or vice versa. Employment data in this study reflects number of employees only,
not wages paid. It is difficult to accurately assess an industry's economic contribution
without data on paid wages or economic total value. Therefore, data on employee wages or
industry value could potentially yield different results for the Herfindahl score.
Another limitation of this study is the narrow range of the time frame from which
data was collected. All of the data used in this research is sampled from 2007, chosen to
correspond with the data used to generate the sustainability index, which used data from
2005-2007. Sampling all of the data from 2007 provides an accurate reflection of the
relationship occurring between variables at that point in time, not how the relationship
changes over time. It is reasonable to assume that the effects of newer local businesses
may take several years to have an impact on the city and therefore would not be reflected in
the sustainability index.
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10.0 Future Research
Currently there have been few studies that try to capture an accurate
representation of a city's localization and therefore data availability is limited; however,
there is potential to improve on the data set. The U.S. Census Bureau collects data on the
profile of business owners, such as gender, race, ethnicity, and so forth, but does not
indicate whether businesses are locally owned. Other studies on localization have used
business size as a determinate; this, too, is a qualifier and cannot conclusively determine
a business as locally owned. Future studies could potentially use a survey method for
data collection, depending on the number of cities involved but survey participation could
still lead to inadequate data.
Many of the economic localization movements have not yet matured into
quantitative relationships, leaving room for more data accumulation with time. Further
research on this topic could compare economic localization and diversity in a city with
other sustainability indices; examine which components of sustainability have the
strongest relationship with economic localization and the types of policies that lead to
successful economic localization in a city. As more research is conducted on economic
localization, new methods of data collection and availability of more precise data will
hopefully come with it.
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Appendix A (Figure A 1)
Diversity Index for Cities
Diversity Index
(index ranges from O - l, 0 signifying the highest level of diversity)
Rank#

City (County)

1

Long Beach, CA

2

14
15
16

Baltimore, MD
Greensboro, NC
Salt Lake City, UT
Mesa,A'Z,
Dallas, TX
Spokane,NJ
San Diego, CA
Houston, TX
Chicago, IL
Miami,FL
Hartford, CN
Jacksonville, FL
Albuquerque, NM
Sacramento, CA
Tulsa, OK

17
18
19
20
21
22
23

Denver , CO
Palm Springs, CA
Columbus, OH
Omaha,NB
Louisville, KY
Seattle, WA
West Palm Beach, FL

3

4
5
6
7
8
9

10
11
12
13

Diversity

City (County)

Rank#

0.008612515
0.009062403
0.009062801
0.00913472
0.00928509
0.009362528
0.009504875
0.009675832
0.010145633
0.010163925
0.010365643
0.010480512
0.01049022
0.010547315
0.010852701
0.010977782
0.011005589
0.011353278
0.011693092
0.011875619
0.011878539
0.011903476
0.012223549
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24

Cincinnati, OH

25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

Knoxville, TN
Providence, RI
San Luis Obispo, CA
Charlotte, NC
San Francisco, CA
Des Moines, IA
Dayton,OH
Salinas, CA
Pittsburgh, PA
Rochester , NY
Nashville , TN
Atlanta. GA
Kalamazoo, MA
Minneapolis, MN
Colorado Springs,

40
41
42
43
44
45
46
47

Wilmington, DE
Oklahoma City, OK
Reno,NV
Cleveland, OH
Kansas City, KA
Philadelphia, PA
Boston,MA
Las Vegas, NV

co

Diversity
0.012680091
0.012824503
0.013044784
0.014058914
0.01413968
0.014404838
0.01456906
0.014621635
0.01478813
0.014916453
0.014993086
0.015033509
0.015046613
0.015278344
0.015681189
0.01576826
0.016183014
0.016367885
0.017605157
0.018404963
0.019984359
0.020164218
0.025685292
0.047537924

Appendix B (Figure A2)
Localization Index for Cities
Localization Index
( index ranges from 0-100~ o,with 100% signifying the highest level of localization)
-

Rank#

--

City (County)

1

San Francisco, CA

2
3

Miami, FL
Long Beach, CA
Boston,MA
Philadelphia, PA
San Luis Obispo, CA
Providence, RI
West Palm Beach, FL
Salinas, CA
Chicago, IL
Denver, CO
Rochester, NY
San Diego, CA
Hartford, CN
Seattle, WA

4
5

6
7
8
9
10
11
12

13
14
15
16

17
17
18
19
20
21
22

Sacramento, CA
Houston, TX
Cleveland, OH
Wilmington, DE
Minneapolis, MN
Dallas, TX
Palm Springs, CA
Reno,NV

-

-

Localization

Rank#

92.38%
92.32%

23

Greensboro, NC

24
25
26
27
28

35
36
37

Baltimore, MD
Pittsburgh, PA
Albuquerque, NM
Atlanta, GA
Oklahoma City, OK
Spokane, NJ
Tulsa, OK
Las Vegas, NV
Salt Lake City, UT
Kalamazoo, MA
Kansas City, KA
Louisville, KY
Knoxville, TN
Colorado Springs,

38
39
40
41
42
43
44
45
46

Dayton,OH
Omaha,NB
Nashville, TN
Columbus, OH
Cincinnati, OH
Jacksonville, FL
Mesa,AZ
Charlotte, NC
Des Moines, IA

91.96%
91.47%

91.13%
90.86%
90.39%
90.01%
89.51%
89.34%
89.32%
89.19%

29
30
31
32
33
34

88.88%
88.63%
88.58%
88.49%
88.04%
88.04%
87.82%
87.68%
87.60%
87.59%
87.49%
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City (County)

co

Localization
87.45%
87.42%
87.41%
87.21%
87.13%

87.06%
86.97%
86.95%
86.82%
86.80%
86.75%
86.63%
86.16%
85.97%
85.88%
85.78%
85.06%
85.03%
84.98%
84.97%
84.96%
84.88%
84.60%
84.20%

·-

Appendix C (Figure A3)
Coded Population Data by County

City (county)

Actual

Code

Code
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

PopuJatioo
3,768,449

Maricopa County,
Arizona
Los Angeles County,
9,883,649
California
Monterey County,
407,534
California
Riverside County,
2,002,663
California
Sacramento County,
1,373,773
California
San Diego County,
2,954,960
Califomfa
San Francisco County,
757,604
California
San Luis Obispo County, 260,278
California
Denver County,
576,842
Colorado
578,779
El Pa.soCounty,
Colorado
874,545
Hartford County,
Connecticut
New Castle County,
524,682
Delaware
Duval Countv, Florida
841,077
Miami-Dade County,
2,373,297
Florida
1,264,012
Palm Beach County,
Florida
Fulton County, Georgia
963,676
Cook Countv, Illinois
5,288,161
Polle Countv, Iowa
410,952
Wyandotte County,
153,989
Kansas
Jefferson County,
704,648
Kentucl..-y
Baltimore County,
786,547
Maryland
710,119
Suffolk County,
Massachusetts

8
20
1

5
3

6

2

I
2

2
2
2

2

5
3
2
11
1

1
2

2
2
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Population Range
0-500,000
500,001 - 1,000,000
1,000,001-1,500,000
l,500,001-2,000,000
2,000,001-2,500,0000
2,500,001-3,000,000
3,,000,001-3,500,000
3,500,001-4,000,000
4,000,001-4,500,000
4,500,001-5,000,000
5,000,001-5,500,000
5,500,001 - 6,000,000
6,,000,001-6,500,000
6,500,001-7,000,000
7,000,001-7,500,000
7,500,001-8,000,000
8,000,001-8,500,000
8,500,001-9,000,000
9,000,001-9,500,000
9,500,001-10,000,000

Kalamazoo County,
Michigan
Anoka County,
Minnesota
Douglas County,
Nebraska
Clark County, Nevada
Washoe County, Nevada
Bernalillo Colll!lty,New
Mexico
Monroe County, New
York
Guilford County, North
Carolina
Mecklenburg County,
N onh Carolina
Cuyahoga County. Ohio
Franklin County, Ohio
Hamilton County, Ohio
Montgomery County,
Ohio
Cleveland County,
Oklahoma
Tulsa County, Oklahoma
Allegheny County,
Pennsylvania
Philadelphia County,
Pennsylvania
Providence County,
Rhode Island
Davidson County,
Tennessee
Knox County, Tennessee
Dallas County, Texas
Hanis County, Texas
Salt Lake County, Utah
King County,
Washington
Spokane County,
Washington
l\,fin

Max

244,153

1
323,611
1
492,524
1,774,086
398,348
618,845

1
4

1
2

730,215
2
455,983

1
834,932
1,310,905
1,109,535
845,647
541,502

2
3
3
2
2

231,544
577,727
1,226,174

1
2

3
1,454.382

3
631,933
2
613,632
2
416,447
2,336,012
3,854.245
987,913
1,832.835

1
5
8
2
4

448,018

1
153,989
9,883,649
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Appendix D (Figure A4)
Regression Output - Diversity and Localization (Model 1)
SUMMARYOUTPUT
RegressiOn
StotiStics
Multiple R
0.290071052
R Square
0.084141215
Adjusted RSquari
0.042511271
StandardError
0.676405949
Observations
47
ANOVA

ss

d/
Regression
Residual
Total

Intercept
Herfindahl

Localization
lnde,

MS

2

1.849472078

0.924736039

44

20.13110035

0.457525008

46

21.98057243

Standard Error
Coefficients
-4.919442769
4.107367757
16.49663307
16.33531173
8.055998989
4.676833892

t Stat
-1.19n1118s
l.009875621
1. 722532631

F
2.021170478

Sig_niJ.icance
F
0.144619661

P-volue
0.237441651
0.318076384
0.091996125

Lower95%
-13.19729856
·16.4250245
-1.369540389
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Upper95%
3.358413024
49.41829064
17.48153837

Lower95.0%
-13.19729856
-16.4250245
-1. 369540389

Upper 95. O'J6
3.358413024
49.41829064
17.48153837

Appendix E (Figure AS)
Regression Output - Diversity, Localization and Population (Model 2)
SUMMARY
OUTPUT
Regression Statistics

Multiple R
R Square
Adjusted RSquar,
Standard Error
Observations

0.431837531

0.186483653
0.129726698
0.644864417
47

ANOVA

ss

d[
Regression
Residual
Total

Intercept
Herfindahl
Localization
Population

3
43

46

4.099017438
17.88155499
21.98057243

Coefficients
Standard Error
-7.746913629
4.100201837

8.828158128

15.9187662

11.65203504
-0.071167221

4.719209953
0.030598564

MS
1.366339146
0.415850116

F
3.285652915

Si9.ni[!_conce
F
0.029622829

tStot
•1.889398116

P-volue
0.0655934

Lower.9596
·16.01575869

Upe_er95%
0.521931432

0.554575525
2.469064nl
-2.325835333

0.582058266
0.017596244
0.024811133

-23. 27509348
2.134841144
-0.132875106

40.93140974
21.16922894
-0.009459336
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Lower95.0%
-16.01575869
-23.27509348

Ueper95.0%
0.521931432
40.93140974
2.134841144
21.16922894
-0.132875106
·0.009459336

Appendix F (Figure A6)
Regression Output - Two Digit NAICS Code Diversity, Localization and Population
(Model 3)
R ressionStotistics
MultipleR
0.426005851
RSquare
0.181400985
AdjustedRSquar,
0.124375008
StandardError
0.646844154
Ob~ervations
47
ANOVA

dl

Regression
Residual
Total

Intercept
Herf2D
Localization
Population

3

43
46

ss
MS
3.98!M>55944 1.329685315
0.41840736
17.99151648
21.90057243

tStat
Coefficients StandardError
•7.593313301 4.233617866 -1.79357S505
-5.4371~341
26.26143297 -0.207037763
12.14194222 4.!M>040204
7
2.477744092
-0.076357711 0.031098821 -2.455324942

F
Si2nilicance
F
3.1779682
72
0.033426559

P-value
Lower95%
Up_e_er95% Lower95.0% ueeer95.0%
0.079915413 -16.13121743 0.944S!M>824 -16.13121743 0.9445!M>824
0.836957698 -58.39833534 47.52411866 -58.39833534 47.52411866
0.017227291 2.259339641
22.0245448 2.259339641
22.0245448
0.01819499
-0.13W7446 -0.013640961 -0.13907446 -0.013640961
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Appendix G (Figure A 7)
Regression Output - Localization and Population (Model 4)
Regression
Statistics
MultipleR
0.425047107
RSquare
0.lro:i65043
AdjustedRSquan 0.143422545
StandardError
0.639770047
Observations
47
ANOVA

df
Regression
Residual
Total

F
MS
Significance
F
3.971121()55 1.985560533 4.851045248 0.012478221
18.00345136 0.409305713
2198057243
55

2
44
46

Error
Coefficients Standard

Intercept
1.ocali
,zation
Population

t Stat

P-value

Lower95%

Upper95%

Lower95.IJ% Upper95.(!)6

-1.so22s1n4 4.()56605565 -1.918616792 0.()5153514 ·15.99796272 0.393447271 -15.997962n o.39344n11
11.86744397 4.66€,()43173 2.543363517 0.014569471 2463651863 21.27123WJ 2.463651863 2127123600
-0.074681873 0.029698571 -2.514662198 0.015644036 -0.13453541 -0.014828337 -0.13453541 -0.014828337
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Append ix H (Figure A8)
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